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(54) ORGANIC ELECTROLUMINESCENCE ELEMENT AND MANUFACTURE THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve luminous 
efficiency by a simple method by forming a luminous 
layer by a dry process in vacuum, and aligning organic 
compound molecules constituting the luminous layer, in 
parallel to an emission face. 

SOLUTION: An organic electroluminescence element is 
formed by holding a luminous layer 4 formed of an 
organic compound 1, by an anode electrode 2 and a 
cathode electrode 6. The anode electrode 2 and cathode 
electrode 6 are formed of electrical conductors having 
work functions of 4.0 eV or more from the viewpoint of 
obtaining efTicient hole injection to the luminous layer 4 
or an electron transport layer 5. The organic compound 
7 constituting the luminous layer 4 is to have an 
anisotropic luminous characteristic. In the luminous layer 
4. emission takes place selectively in a direction normal 
with respect to an emission face 8, so that molecular 
beam intensity and substrate temperature are controlled 
by a molecular beam evaporation method for orienting 

the molecule faces of organic compound molecules in parallel to the emission face 8. An organic 
EL element improved in luminous efficiency can therefore be obtained. 
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(54) TITLE: An organic electroluminescence device and its' 

manufacturing method 

[Scope of the Claim for Patent] 

[Claim 1] 

An organic electroluminescence device having a light 
emitting layer comprising an organic compound put between an 
anode electrode layer and a cathode layer, in which the light 
emitting layer is formed by a dry process in vacuum, and organic 
compound molecules constituting the light emitting layer are 
oriented in parallel with a light emission surface. 
[Claim 2] 

A method of manufacturing an organic 
electroluminescence device according to claim 1, in which 
orientation of the organic compound of the light emitting layer 
is formed by photochemical reaction by light irradiation in 
the dry process. 
[Claim 3] 

A manufacturing method according to claim 2, wherein the 
photochemical reaction is cis-trans photo-isomerizing 
reaction. 

[Claim 4] 

A manufacturing method according to claim 2, wherein the 
photochemical reaction is polymerizing reaction or 
inter-molecular reaction of one or more kinds of organic 
compound molecules. 



[Claim 5] 

An organic electroluminescence device obtained by the 
method according to any one of claims 2 to 4 . 
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[0033] 

Further in the invention, in a case of using an organic 
compound capable of reacting by photo-irradiation and being 
transformed into a compound having a higher luminous 
efficiency as the organic compound constituting the light 
emitting layer, it is preferred to irradiate light to the 
vicinity of a substrate for causing the photochemical reaction 
upon vapor deposition of the compound as the light emitting 
layer. Such photochemical reaction includes, for example, (a) 
photo-isomerization capable of forming an isomer having high 
luminous efficiency, for example, cis-trans isomerization, 
and (b) photo-inter-molecular reaction such as coupling or 
photo-polymerization reaction capable of forming a compound 
or an isomer of good luminous efficiency from one or more kinds 
of molecular monomers. Particularly, in a case of using those 
described in (3) above as the organic compound, it is preferred 
to subject thiol and ethynyl to the photo-inter-molecular 
reaction to achieve coupling with a view point that the reaction 
proceeds easily with light to obtain the organic compound (3) 
as the result of the reaction. 
[0034] 

A method of preparing a light emitting layer using such 
photo-irradiation in combination is to be described with 
reference to Fig. 2. Fig. 2 is a schematic cross sectional 
view of a manufacturing apparatus by using a molecular beam 
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vapor deposition method, in which an organic compound 7 in a 
Knudsen cell 11 is deposited as a molecular beam 12 on a 
substrate 1 located in a growing chamber 10 put under a 
super-high vacuum. In this case, light is irradiated from a 
light source 13 to the surface of the substrate 1. While the 
irradiation of light may be vertical to or parallel with the 
substrate 1, the reaction efficiency of the photochemical 
reaction is poor in the case of parallel irradiation since 
w photo-irradiation is supplied to the compound molecule 

evaporated in vacuum. On the other hand, in a case of vertical 
irradiation, since the photo-irradiation can be applied not 
only to the evaporated compound molecules but also to the 
compound molecules temporarily present on the electron 
transport layer or the electrode, this is preferred in' view 
of excellent reaction efficiency of the photochemical 
reaction* 
[0035] 

The intensity of the photo-irradiation differs 
depending on the organic compound causing the photochemical 
reaction and it may be within a range that side reactions such 
as decomposition or abrasion do not take place, and it is, 
preferably, from 0.1 to 20 mJ/cm^ and, particularly preferably 
from 1 to 5 mJ/cm^. Further, the wavelength of the light may 
be such a wavelength as causing the photochemical reaction to 
the organic compound used for the preparation of the light 
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emitting layer and it is, preferably, from 100 to 600 nm and, 
particularly preferably, from 150 to 400 nm. The light source 
for the photo-irradiation can be selected properly as required 
by those in the skilled in the art. For example, a light at 
a desired wavelength may be selected and used by 
spectralization or filtration from a light generated by using, 
for example, a high pressure mercury lamp, low pressure mercury 
lamp, xenon lamp, mercury-xenon lamp or tungsten lamp. 
Further, second harmonic waves of an ion laser such as of Ar, 
Kr, He, or Ne, excimer laser such as of KrF, XeCl, or ArF, and 
ion laser such as of Ar, Kr, He, or Ne can be used. While the 
irradiation light may be either a continuous light or a pulse 
light, the continuous light is preferred with a view point of 
the reaction efficiency. 
[0036] 
[Example] 

The invention is to be described specifically with 
reference to examples but the invention is not restricted only 
to them. 
[0037] 
Example 1 

At first, a glass substrate coated with ITO as an anode 
(sheet resistance: 15 Q/D ) was supersonically cleaned with 
isopropyl alcohol, then cleaned with pure water, further 
rinsed with isopropyl alcohol, and then dried instantly. 
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The substrate was introduced into a substrate holder in a vacuum 
chamber and, after vacuum evacuation to 10^ Pa, the substrate 
was heat treated to clean the surface. A Knudsen cell was 
heated to a temperature lower than the evaporation temperature 
of the compound to previously remove the gas in the starting 
material . 
[0038] - [0040] 

After the degassing treatment, the Knudsen cell was 
heated to prepare, on the anode, a hole transporting layer (100 
nm thickness) comprising 

N, N ' -diphenyl-N , N ' -bis { 3-methylphenyl ) - [ 1 , 1 ' -biphenyl] -4 , 4 
'-diamine (TPD) shown by the formula (3): 
[Ka 2) 

(3) 

[0051] - [0054] 
Example 2 

An organic EL device according to the invention was 
prepared in the same manner as in Example 1 except for preparing 
a light emitting layer by transforming a compound used for 
preparing a light emitting layer into a cis-cis-form of 
1, 4-bis (ethynylstylyl) benzene shown by the formula (6): 
[Ka 5) 

(6) 
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elevating the substrate temperature to 40°C upon vapor 
deposition, irradiating a light at 248 nm under the condition 
f 2 mJ/cm^ and 1 Hz by KrF excimer laser, isomerizing the same 
into a trans-trans form shown by the formula (7): 
[Ka 6] 

(7) 

to prepare a light emitting layer and, further, preparing a 

cathode by using aluminum (50 nm thickness) . 

[0056] 

For the obtained organic EL device, an identical 
evaluation with that in Example 1 was conducted. The result 
is shown in Table 1. Further, the intensity distribution of 
® showed an identical sharp distribution with that in Example 
1. 

[0057] - [0061] 
Example 3 

An organic EL device according to the invention was 
prepared in the same manner as in Example 2 except for 
transforming the organic compound used for preparing a light 
emitting layer into 1, 4-biphenyl-dithiol shown by the formula 
(8) : 
[Ka 7] 

(8) 
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and 4-biphenyl diethynyl shown by the formula (9) : 
[Ka 9] 

(9) 



and co-vapor depositing them. 
[0062] 

For the obtained organic EL device, an identical 
evaluation with that in Example 1 was conducted. The result 
is shown in Table 1. Further, the intensity distribution of 
® showed an identical sharp distribution with that in Example 
1. 
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Table 1 





Examples 


Comparative 
Example 


Example 1 


Example 2 


Example 3 


Material 
used for 
each layer of 
organic EL 
device 


Anode 


ITO 


ITO 


ITO 


ITO 


Substrate 


glass 


glass 


glass 


glass 


Hole 
transporting 
layer 


TPD 


TPD 


TPD 

/ ^J '^ 

1 


TPD 


Light 
emitting 
layer 


1.4-bis 

{2-methylstylyl) 
benzene 


1 ,4-bis(ethynyl 
stytyl))benzene 
(trans-trans 
form) 


l/^-biphenyl 
Siol and 
1 ,4-biphenyl 
diethynyi 


1,4-bis 

{2-methylstylyO 
benzene 


Electron 
transport 
layer 


2-(4-biphenyl)- 

5-4-(tert-butyl 

phenyl)1,3.4 

'Oxadiazol 


2-(4-biphenyl)- 
5-4-(tert-butylp 
henyl)1,3.4 
-oxadiazol 


2-{4-biphenyl) 
-5-4-(lert-butyl 
phenyl)1,3,4 
>oxadiazol 


2-(4-biphenyl) 
-5-4-(tert-butyl 
phenyl)1,3,4 
-oxadiazol 


Cathode 


Mg, Ag 


A 


Al 


Mg. Ag 


Condition for 

preparing 
light emitting 
layer 


Molecular 

beam 
intensity 
(nm/min) 


0.5 


1.0 


1.0 each 


2.0 


Substrate 
temperature 

rc) 


25 


40 


40 


25 


Wavelength 
of irradiation 

light 

(nm) 




248 


248 


_ 


Intensity of 
Irradiation 

light 
(mJ/cm ) 




2 


2 




Result of 
evaluation 


Orientation 
state 


0 


0 


0 


X 


Luminous 
efficiency 
(Im/w) 


0.8 


1.0 


1.0 


0.5 
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